Abbreviations & Acronyms ACD = anterior compartment descent ACP = anterior compartment prolapse NPV = negative predictive value POP-Q = Pelvic Organ Prolapse Quantification PPV = positive predictive value ROC = receiver operating characteristic UH = urethral hypermobility UI = urinary incontinence Objectives: To introduce a new, simple, non-invasive test to quantify urethral hypermobility. Methods: We reviewed data of women with urinary incontinence who were examined at the Department for General Gynaecology and Urogynaecology, Clinic for Gynaecology and Perinatology, Maribor, Slovenia, between October 2010 and March 2014. Patients' age, diagnosis, results of the Q-tip test and Pelvic Organ Prolapse Quantification measurements were collected. In addition, a new parameter was defined as anterior compartment descent, a midline distance between the external urethral meatus and maximum descent of the anterior vaginal wall when performed the Valsalva maneuver. Statistical analysis was performed with SPSS software using the Mann-Whitney test, correlation, regression and receiver operating characteristic curve analysis. The analysis was also carried out separately for patients with anterior compartment prolapse stage 0 or I. Results: A total of 472 women were included, 323 of them with anterior compartment prolapse stage 0 or I. Women with urethral hypermobility had significantly higher anterior compartment descent values than patients without urethral hypermobility (3.7 cm vs 2.6 cm, P < 0.001). A moderate correlation was found between anterior compartment descent and the Q-tip test (Spearman's rho = 0.55, P < 0.001). Age and anterior compartment descent were identified as independent variables for the presence of urethral hypermobility. When the cut-off value is set at 3.5 cm, anterior compartment descent represents a test for urethral hypermobility assessment with sensitivity of 65.2%, specificity of 88.6%, positive predictive value of 97.0% and negative predictive value of 30.7%. Anterior compartment descent values were also significantly higher in patients with anterior compartment prolapse stage 0 or I (3.4 AE 0.7 cm vs 2.6 AE 0.7 cm, P < 0.001). Conclusions: The anterior compartment descent could be a valuable tool for the assessment of urethral hypermobility. Further effort should be directed into the standardization of the technique, determination of the normal range of anterior compartment descent, and its intra-and interobserver reliability.
Introduction
Our attempts at non-invasive assessment of UH have led to the introduction of the ACD -the distance between the external urethral meatus and maximum descent of the anterior vaginal wall during straining. The aim of the present study was to introduce the ACD as a method of UH assessment, to define its correlation with the Q-tip test, and to test the feasibility and accuracy of measuring the ACD in the assessment of UH in women with UI.
Methods
Women with UI examined at our urogynecology office at the Department for General Gynaecology and Urogynaecology, Clinic for Gynaecology and Perinatology, Maribor, Slovenia, between October 2010 and March 2014 were included in the present retrospective study. UI was defined as the complaint of any involuntary loss of urine, and the diagnosis of stress UI, mixed UI, urgency UI or other micturition disorders (disorders of bladder emptying etc.) was set on the basis of patient history and the results of questionnaires.
Institutional review board ethical approval was obtained for this study. Patients' confidentiality was ensured by substituting their names with consecutive numbers during data collection.
Initial examination included patient history, pelvic examination in the dorsal lithotomy position with an empty bladder, and a basic gynecological ultrasound. POP-Q system measurements were determined as proposed by the International Continence Society's guidelines. 16 ACD was measured as a midline distance between the middle of the external urethral meatus and maximum descent of the anterior vaginal wall in the vertical plane at maximal Valsalva maneuver using a half speculum to assist with retraction of the posterior vaginal wall (Fig. 1) . A ruler was held in front of the most protruding part of the anterior vaginal wall perpendicular to the body axis. The distance was expressed in centimeters.
Stress test and Q-tip test were also carried out, whereas multichannel urodynamic investigations were not. The Q-tip test was carried out in a standardized manner by insertion of the lubricated cotton-tipped swab into the bladder, which was withdrawn until resistance was felt. Resting and maximal straining angle (Qv) were determined using a goniometer. UH was defined as a maximal straining angle of ≥30°relative to the horizontal.
For the stress test, 250 mL of fluid was instilled in the patient's bladder. Afterwards, they carried out squats, jumped on the spot, washed their hands and flushed the toilet. The test was considered negative if the pad remained dry. Stress test was performed in the scope of UI diagnostics and its results were not included in the present analysis.
All patients were examined by a trained urogynecologist. They also underwent urine analysis and urine culture, which had to be negative in order for the patients to be examined. Patients who have previously undergone an anti-incontinence procedure or pelvic prolapse surgery were excluded from the study.
Statistical analysis was carried out with IBM SPSS Statistics 21.0 (IBM, Armonk, NY, USA). The same analysis was carried out for the whole group of patients, as well as for the patients with ACP stage 0 or I. Descriptive statistics were calculated on patients' age and POP-Q measurements. The Mann-Whitney test was used to detect the differences in ACD, Aa and Ba values in patients with and without UH. A post-hoc power analysis with the G*power 3.1 software (Department of Psychology, Heinrich-Heine-Universit€ at D€ usseldorf, D€ usseldorf, Germany) was carried out using the two-groups Mann-Whitney test with a 0.05 two-sided significance. 17 It was determined that for a given number of patients in groups with and without UH, the test would have a power of 100% to predict a difference in ACD measurements. Logistic regression was carried out to determine independent prognostic factors for UH. The strength of the correlation between the Q-tip straining angle and the ACD was determined by using Spearman's correlation coefficient and linear regression analysis. In order to investigate the cutoff value of ACD for UH, a ROC curve was plotted. The sensitivity, specificity, positive and negative predictive values were calculated for the proposed cut-off value of ACD. We carried out one-way ANOVA in order to determine differences in average ACD and Qv values in women with different forms of UI. Statistical significance was set at P-value <0.05.
Results
A total of 472 women were included in the study. Their average age was 57 AE 13 years (range 26-87 years), average Qv 50.7 AE 19.7°(range 0-107°), point Aa À1.3 AE 1.2 cm (range À3-2 cm), point Ba À1.2 AE 1.4 cm (range À3-4 cm) and mean ACD 3.5 AE 0.9 cm (range 1-6.5 cm). A total of 402 women (85.2%) had UH as determined by the Q-tip test (91.5% of patients with SUI and 76.3% of patients with urgency UI). A total of 130 (27.5%) had stress UI, 152 (32.2%) mixed UI, 173 (36.7%) urgency UI and 17 (3.6%) had other micturition disorders.
There were 323 patients with ACP stage 0 or I. Their average age was 58 AE 12 years (range 26-87 years), average Qv 44.7 AE 17.1°(range 0-84°), point Aa À1.9 AE 0.8 cm (range À3-1 cm), point Ba À1.9 AE 0.8 cm (range À3-1 cm) and mean ACD 3.2 AE 0.8 cm (range 1-6 cm). A total of 261 women (80.8%) had UH as determined by the Q-tip test. A total of 84 (26%) women had stress UI, 112 (34.7%) mixed UI, 120 (37.2%) urgency UI and seven (2.2%) had other micturition disorders.
Patients with UH had significantly higher ACD (3.7 AE 0.9 cm vs 2.6 AE 0.7 cm, respectively, P < 0.001), Aa (À2.3 AE 1.0 cm vs À1.2 AE 1.1 cm, respectively, P < 0.001) and Ba (À1.0 AE 1.3 cm vs À2.3 AE 1.1 cm, respectively, P < 0.001) values than patients without UH. They were also younger than women without UH (56 AE 12 years vs 65 AE 13 years, respectively, P < 0.001). In the group of patients with ACP stage 0 or I, women with UH had significantly higher ACDs (3.4 AE 0.7 cm vs 2.6 AE 0.7 cm, respectively, P < 0.001), Aa (À1.8 AE 0.8 cm vs À2.8 AE 0.8 cm, respectively, P < 0.001) and Ba (À1.8 AE 0.7 cm vs À2.6 AE 0.7 cm, respectively, P < 0.001) values than patients without UH. Even in this group, the patients were younger than women without UH (56 AE 11 years vs 65 AE 13 years, respectively, P < 0.001).
The percentage of patients with UH increased with increasing ACD, as did the mean Qv when analyzing all patients and patients with ACP stage 0 or I (Table 1) . A moderately strong correlation was found between the ACD and Qv (Spearman's rho = 0.55, P < 0.001), and between point Aa and Qv (Spearman's rho = 0.57, P < 0.001). The correlation between the ACD and Qv was also moderately strong for women with ACP stage 0 or I (Spearman's rho = 0.49, P < 0.001). In the linear regression model, as ACD increased by 1 cm, Q-tip straining angle increased on average by 12.2°( P < 0.001, R 2 = 0.32). In the logistic regression model for all patients and patients with ACP stage 0 or I (Table 2) , we identified age and ACD as independent variables for the presence of UH, but not point Aa and Ba. Women with higher ACD were 3.1-fold more likely to have UH than women with lower ACD. In cases of ACP stage 0 and I, this odds ratio decreased to 2.5 ( Table 2) .
In order to investigate the cut-off value of ACD for UH, a ROC curve was plotted (Fig. 2) . The ACD cut-off value set at 3.5 cm represents a test with sensitivity of 65.2%, specificity of 88.6%, PPV of 97.0% and NPV of 30.7% (Table 3 ). The area under the ROC curve was 0.83 (95% CI 0.78-0.88, P ≤ 0.001). With ACD ≥4.5 cm, virtually all patients had UH. For patients with ACP stage 0 or I, this cut-off value represents a test with sensitivity of 51.7%, specificity of 90.3%, PPV of 95.7% and NPV of 30.7% (Table 4 ). The area under the ROC curve was 0.79 (95% CI 0.73-0.85, P ≤ 0.001).
When carrying out one-way ANOVA, a statistically significant difference was found in both average ACD (P = 0.006) and Qv values (P < 0.001) in patients with different types of UI. The ACD was highest in patients with stress UI (3.7 AE 0.9 cm), and the lowest in patients with urgency UI (3.4 AE 0.9 cm). Similar was true for Qv values (57 AE 20°a nd 46 AE 19°, respectively). 
Discussion
The pathophysiology of stress UI has long been explained by either UH or intrinsic sphincter deficiency. There has been a recent shift away from this simple categorization, as it has been proposed that intrinsic sphincter deficiency was more common than previously thought and that it can coexist with UH. Nevertheless, urethral and bladder neck mobility still represent a factor to be considered in specialized surgical management of women with UI. According to International Consultation on Incontinence guidelines, after confirmation of urodynamic stress UI, the surgical treatment options for women with some degree of bladder neck and urethral mobility include retropubic suspension procedures and different types of sling operations. Bladder neck sling procedures, bulking agents and the artificial urinary sphincter can be considered for patients without UH. 18 Although there are more advanced techniques available for UH assessment, especially with pelvic floor ultrasound and other imaging modalities, they can be associated with higher costs and are not widely available in all environments. The ACD, our simple and non-invasive method for assessment of UH, turned out to be a test with moderate sensitivity, good specificity and a very high PPV when the cut-off point of 3.5 cm was used. When including patients with ACP stage 0 or I, the results were similar.
However, the ACD is not the first attempt in finding a noninvasive alternative to the classic Q-tip test. 1, 3, 11, 14 Several efforts have been made to use the points of the POP-Q system as the proxy for the Q-tip test, especially point Aa but the results of studies in this field are inconclusive. The present results showed a moderately strong correlation between point Aa and Q-tip straining angle, similar to several other studies.
1-3,10,11 A prospective study by Noblett et al. even concluded that the POP-Q system was highly predictive of UH in all stages of prolapse. 13 Nevertheless, a case-control study by Tapp et al. discovered that point Aa was not associated with a diagnosis of stress UI, whereas Qv of ≥30°was positively associated with it. 14 Latini et al. also concluded that there is no significant correlation between the components of the POP-Q system and positive cough leak point pressures, which were supposed to be present in patients with UH. 8 A retrospective study from 2006 found no differences between Q-tip and point Aa correlations before and after pelvic floor surgery. 7 This less than perfect correlation between the Qv and point Aa is sometimes explained by the inability to standardize the Valsalva effort, and due to the fact that in patients with significant anterior vaginal wall prolapse, point Aa might not correspond to the urethrovesical junction. 10 Furthermore, most of these studies were unable to define a point Aa cut-off value for predicting UH with appropriate sensitivity and specificity that could replace the Q-tip test. 2, 11 One of those that was able to define it was a study by Larrieux et al. With a cut-off value of À2, the sensitivity and specificity of point Aa to detect UH was 81% and 83%, respectively, with high PPV and NPV of 17%. 2 Although the number of women with UH in these studies generally increased with increasing degrees of POP, the authors emphasized that UH could be present in these patients, even in the absence of prolapse. That is why they still recommended performance of the Q-tip test in lower stages of prolapse, [1] [2] [3] 10, 11, 13 as point Aa did not necessary represent the dynamics of the urethrovesical junction. 11 It seems that so far, we cannot reliably evaluate UH from POP-Q measurements alone, and therefore exclude the Q-tip test from a urogynecological examination. 3 Just like point Aa, the ACD will not be able to entirely replace the Q-tip test. However, when comparing the ACD with point Aa, we believe that the ACD has some advantages in assessment of UH over point Aa that should be taken into consideration. First, we discovered that the correlation between the ACD and the Q-tip straining angle (Spearman's rho = 0.55, P < 0.001) and between point Aa and the Q-tip straining angle (Spearman's rho = 0.57, P < 0.001) was very similar. Nevertheless, when logistic regression analysis was carried out, the ACD was identified as an independent prognosticator for the presence of UH, which was not true for point Aa. Second, we were able to define a clear cut-off value for ACD. Using a cut-off value of 3.5 cm, the sensitivity and specificity of ACD to detect UH were 65.2% and 88.6%, respectively, with PPV of 97.0% and NPV of 30.7%. For patients with ACP stage 0 or I, the sensitivity and specificity of ACD to detect UH were 51.7% and 90.3%, respectively, with PPV of 95.7% and NPV of 30.7%. In our opinion, the usefulness of the ACD is in its high PPV, meaning that in patients with ACD ≥3.5 cm, the Q-tip test would not be necessary. In women with ACD <3.5 cm, the Q-tip test would still be recommended. For our population of patients, this means that we could avoid the Q-tip test in >57% of women. Furthermore, the ACD is measured in the vertical plane, and detecting small and subtle differences in it might be easier that in point Aa, which is measured in the anteroposterior direction. As well as the ACD, both the Q-tip test and point Aa have the disadvantage of being dependent on the patient's straining effort and the examiner's visual measurements, which is why good visualization is essential in order to gain accurate results and minimize examiner's bias. 2 The ACD measures the descent of the anterior vaginal wall, the morphology of which is a result of different factors. 2 Because UI and organ prolapse often coexist, the ACD could be interpreted as a measure of anterior wall prolapse. However, because it was identified as an independent prognosticator for the presence of UH, we believe that it is also a good representation of urethrovesical junction mobility.
When compared with other methods for UH quantification, the advantages of the ACD are mainly in its simplicity and non-invasiveness. It is not as uncomfortable for patients as the Q-tip test, and does not require any special training. Furthermore, it requires minimal equipment, it can be carried out during classical (uro)gynecological examination using only a metric ruler and a half speculum, and it is virtually cost-free. In our opinion, it could serve as a screening tool that directs us to further diagnostic procedures. It could be especially useful in clinical settings in which access to other non-invasive methods for UH assessment is limited.
Before including the ACD into everyday clinical practice, the technique itself has to be standardized. There are also some limitations of the present study that need to be taken into account. The design of the study was retrospective. However, one examiner took all measurements during routine clinical work and in a standardized manner, which minimizes the bias. The investigator was not blinded and did not take measurements in an alternating manner, but we do not see this as a potential source of error, as the study was retrospective. Another limitation is similar to the one already mentioned in an article by Kim et al. -there might be a difference between the subject's Valsalva maneuver effort during Q-tip measurement, ACD measurement and POP-Q measurement, respectively.
